M etribuzin, Inhibition of Photosynthetic Electron Transport, Trypsin Sensitivity of the DCMU Binding Site
Binding of the triazinone derivative m etribuzin to thylakoid membranes was studied in depend ence of tem perature and trypsin pre-treatm ent of the chloroplasts. The tem perature curve of the binding constant suggests th at the lipid phase of the membrane contributes to inhibitor binding. Trypsin pre-treatm ent of the mem branes removes the receptor sites for the inhibitor, while the trypsin effect on the affinity of the receptor to the inhibitor is m arginal. Concomitantly trypsin treatm ent releases the inhibitory effect of metribuzin on the electron transport from DPC to DCPIP.
In tro d u c tio n
Several herbicides of different chemical structure were shown to interact with the DCMU binding site of the thylakoid membrane, besides the phenylureas e .g . triazines, triazinones and pyridazinones [1] . Binding of these compounds to the membrane is quantitatively related to their inhibitory effect on photosynthetic electron transport. Maximum binding is 1 mol per 300 to 500 mol chlorophyll, suggesting that the inhibitor receptor is an electron carrier or a membrane component present in a stoichiometric amount to most of the redox systems of the photo synthetic electron transport chain [1 ] .
In the present studies, the triazinone derivative metribuzin is employed as a DCMU-type inhibitor. The inhibitory effect of the 1,2,4-triazinones on electron transport was first described by D raber et al. [2 ] . Their interaction with the DCMU site was established by us in competition binding experiments [1 ] . The dissociation constant {K (\) corresponds to the inhibition constant (K [). The numerical value for both is 0.07 /.iM.
In the present paper, some other physicochemical and biochemical characteristics of the inhibitorreceptor interaction are described. The results in dicate that the receptor molecule is a membrane protein which is decomposed by treatm ent of the membranes with the peptidase trypsin. After di- 0341-0382 / 79 / 1100-0992 $ 01.00/0 gestion, electron transport becomes insensitive to the inhibitor. Moreover, the lipid phase of the membrane also appears to be involved in the binding of the inhibitor.
Experim ental
Chloroplast preparation from spinach and binding of [14C] ring-labeled m etribuzin to the isolated thylakoid fractions were carried out as described [1 ] . The reaction medium contained 25 m M Tricine buffer, pH 8.0, 50 m M NaCl, 5 m M MgCl2 and [14C] metribuzin at varying concentrations added as a methanol solution. The final methanol concentration was constant (1% ). Usually separation of the chloro plasts from the medium was attained by centrifuga tion as described [1 ] . In one experiment ( Fig. 1 ) a filtration technique was employed (details in the legend).
Electron transport to D CPIP was measured by following directly the decrease in 580 nm absorbance in a spectrophotometer (PMQ II, Zeiss) with cross illumination equipment. The red actinic light (filter RG 630, Schott) was 8.7 X 105 ergs cm-2 sec-1. The reaction medium contained 25 m M Tricine buffer, pH 8.0, 50 m M NaCl, 5 m M MgCl2 , 0.1 m M DCPIP and, where indicated, 0.8 m M DPC. The chlorophyll content was around 5 //g/m l, the total volume was 2 ml, the temperature 20 °C. slope, the standard free enthalpy change can be calculated. U nder the experimental conditions em ployed, A H° is equal to -50 KJ/m ol. At 14 °C the curve shows a characteristic break. Below this point, Kd is virtually tem perature independent. Several other reactions related to the thylakoid membrane show similar changes in the slopes of activation energy [3 -6] which occur in the same tem perature range. They are probably due to a phase transition of the membrane lipids [7 ] . One could therefore speculate that the lipid phase of the m em brane in some way contributes to the inhibitor binding proc ess.
Results and Discussion
However, the intrinsic receptor molecule is prob ably a polypeptide constituent of the membrane. This is suggested by the sensitivity of inhibitor binding towards trypsin treatment. Chl/m l (B), respectively. In A the trypsin concentration was varied, the incubation time was 6 min. In B the trypsin concentration was 1 mg/ml, while the incubation time was varied as indicated. Digestion was interrupted by the addi tion of trypsin inhibitor (1 mg/ml final concentration). After two washes with the trypsin-free medium, binding of labeled m etribuzin was m easured as a function of inhibitor concen tration. From the double-reciprocal plots (1/bound versus 1/free inhibitor), maximum binding and were evaluat ed. -Bovine pancreas trypsin and soy bean trypsin in hibitor were purchased from Boehringer.
In Fig. 2 the effect of increasing trypsin concen tration on K d as well as maximum inhibitor binding is shown. Whereas the K^ increases by a factor of less than 2 and this increase saturates at relatively low trypsin concentration, maximum binding con tinuously decreases with increasing trypsin concen tration. Under the conditions employed, a trypsin/ chlorophyll (w/w) ratio of 1 leads to more than 80% inhibition of maximum binding. Similar results are obtained when the trypsin incubation time is varied at constant trypsin concentration (Fig. 2,  cf. also Fig. 4 ). Since the maximum inhibitor bind ing reflects the num ber of inhibitor binding sites present, it has to be concluded that the receptor is removed or destroyed by the peptidase, while the rem aining receptor molecules are only slightly modified in their binding properties. Regitz and Ohad [8] and Renger [9] reported that, under certain conditions, the sensitivity of photosynthetic electron transport to DCMU is abol ished by pre-treatment of chloroplasts with trypsin. If this is related to the above described decomposi tion of the inhibitor receptor site, the two effects should be parallel with respect to either the trypsin concentration or trypsin incubation time.
However, the effect of trypsin on electron trans port is more complex. Trypsin is known to affect the oxygen evolving system [10, 11] . This type of inhibition can be overcome by the artificial photosystem II electron donor DPC [1 1 ]. In order to exclude this trypsin effect, the water oxidizing system is completely inactivated by Tris treatment [12] prior to trypsin digestion and the electron flow from DPC to the acceptor DCPIP is followed. m in try p s in tre atm e nt Fig. 4 . Removal of inhibitor binding sites by trypsin trea t m ent and release of the inhibitor sensitivity of electron transport. Chloroplasts were first treated with Tris as de scribed in Fig. 3 for 12 min. Subsequently they were sub jected to trypsin digestion (0.7 mg trypsin/m g Chi) for the indicated tim es as described in Fig. 2 . W ith those prepara tions electron transport from DPC to D C PIP in the presence of 100 /um m etribuzin as well as [14C] m etribuzin binding as a function of inhibitor concentration was measured. From the concentration curves the num bers of active binding sites ( = maximum binding of inhibitor) were computed. P e r cent electron transport rates are related to the control rate obtained with the T ris-treated, non-digested chloroplasts in the absence of m etribuzin. The control rate was 74/^m ol D C P IP reduced/m g Chi per h. Fig. 3 demonstrates that about 20% of the control activity can be recovered by DPC in Tris treated chloroplasts. The effect of Tris on the maximum inhibitor binding is m arginal; however, the dis sociation constant K (j increases. When Tris treated chloroplasts are subjected to trypsin digestion, the number of inhibitor binding sites decreases with increasing incubation time in accordance with the results shown in Fig. 2 . In parallel, the inhibition of
